Abstract-A new cheiracanthid acanthodian species, Cheiracanthus flabellicostatus sp. nov., is described based on scales found in the beds of the Aruküla Regional Stage of Siverskiy and Zaitsevo localities of the Leningrad Region. It is distinguished from other members of the genus in the presence of a V-shaped eminence in the medial part of the scale crown and 8-10 large ribs branching into smaller ribs in the anterior part of the crown; large lacunas are observed at crossings of circular and ascending canals in the middle part of the scale neck.
INTRODUCTION
In the eastern part of the Main Devonian Field, acanthodians are represented by isolated scales and fin spines. Obruchev (1933) was the first to report on them in the Leningrad Region. However, thorough studies of diversity and analysis of acanthodian assemblages from this territory were started only at the end of the 20th century by Valiukevičius (1985 Valiukevičius ( , 1988 Valiukevičius ( , 2000 . During subsequent work, Valiukevičius proposed a zonal stratification based on acanthodians for the Lower and Middle Devonian of the East Baltic Region and Belarus (Valiukevičius, 1998 (Valiukevičius, , 2000 . He investigated Aruküla acanthodian assemblages in Lithuania, Latvia, Estonia, Belarus, and the Kaliningrad Region. Representatives of the genus Cheiracanthus Agassiz recorded by Valiukevičius in the Devonian beds of the East Baltic Region and Belarus are referred to the following species: C. brevicostatus Gross, C. crassus Valiukevičius, C. gibbosus Valiukevičius, C. intricatus Valiukevičius, C. krucheki Valiukevičius, C. longicostatus Gross, and C. talimae Valiukevičius (Valiukevičius, 1985 , 1986 , 1998 . At the same time, the material from many outcrops of the Aruküla Regional Stage of the Leningrad Region have not been examined (Valiukevičius, 1998) . Al present, the study of acanthodian scale assemblages from localities of the Aruküla Regional Stage of the eastern part of the Main Devonian Field is performed by me. Two localities ( Fig. 1 ) have yielded scales assigned to new species.
One locality is on the right bank of the Oredezh River in the village of Siverskii, near a dam of the former hydroelectric power station. The second locality is the Zaitsevo quarry situated 700 m east of the village of Zaitsevo in the Gatchinskii District of the Leningrad Region.
The acanthodian species Diplacanthus crassisimus (Duff), D. tenuistriatus (Traquair), and Rhadinacanthus longispinus (Agassiz) occurring in the Main Devonian Field are represented by complete skeletons in the Orcadian Basin of Scotland (Burrow et al., 2016) . Soma scales assigned by Valiukevičius to Cheiracanthus longicostatus Gross apparently belong to C. latus Egerton, which is also represented by complete skeletons in Scotland. In the Main Devonian Field, Latviacanthus ventspilsensis Schultze et Zidek and Lodeacanthus gaujicus Upeniece have been found and described based on complete skeletons. However, the majority of acanthodian species of the Main Devonian Field are known exclusively from isolated specimens and some of them require revision. Nevertheless, the establishment of species based on isolated scales is possible, since, as follows from the study of skeletons of Middle Devonian acanthodians from Great Britain (including those belonging to the genus Cheiracanthus, which is considered to include the new species described below), the crown ornamentation of acanthodian scales is species-specific and variability of this character is uniform within each taxon (Young, 1995) .
GEOLOGY AND STRATIGRAPHIC POSITION
An outcrop near the village of Siverskii is a steep bank about 60 m long and 10 m high, with yellow, brown, and orange, obliquely bedded (oblique bedding is mostly trough-like, less often, parallel and wedge-shaped), micaceous quartz sandstones varying in granularity from fine to medium-sized and in cementation from weak to strong. The sandstone strata enclose clay balls up to 8 cm in diameter, forming an interbed in the upper part of the outcrop. The middle part of the outcrop includes three lenticular interbeds of conglomerates containing concretions of siltstone and silty clay, quartz pebbles, and coarse sand. They are spotted, with the prevalence of yellow and brown tones. Most of the agnathan and fish remains, which are mostly represented by isolated skeletal elements and bone fragments, are confined to these strata (Ivanov et al., 2012) . A sample that has yielded scales of the new species comes from this outcrop, from sandstone beds above the upper conglomerate interbed (Fig. 2) .
The vertebrate assemblage from this locality includes the psammosteid agnathans Pycnosteus palaeformis Preobrazhensky, Schizosteus cf. S. asatkini Obruchev, S. striatus (Gross), Tartuosteus giganteus (Gross), and Psammolepis proia Mark-Kurik; the placoderms Actinolepis tuberculata Agassiz, Heterostius ingens Asmuss, Homostius latus Asmuss, Coccosteidae, Asterolepis sp., and Byssacanthus sp.; the sarcopterygians Gyroptychius pauli Vorobyeva, Thursius sp., Glyptolepis sp., and Dipterus radiatus (Eichwald) (Glinsky, 2012; Ivanov et al., 2012) . Acanthodians are represented by the following species: Cheiracanthus latus Egerton, C. longicostatus Gross, C. brevicostatus Gross, Diplacanthus crassisimus (Duff), D. tenuistriatus (Traquair), Rhadinacanthus longispinus (Agassiz), Ptychodictyon rimosum Gross, P. sulcatum Gross, Acanthodes? spp., Haplacanthus? spp., and Nodocosta pauli Gross. Vertebrates are the only group which enables dating the beds. The interval under study belongs to the Pycnosteus palaeformis Zone. Although the index species of the Diplacanthus gravis Acanthodian Zone is absent, the acanthodian assemblage includes the species Nodocosta pauli appearing in this zone. Samples that contained scales of the new species come from this outcrop, from sandstone above the upper conglomerate interbed.
In the quarry near the village of Zaitsevo, the Aruküla beds are formed of brownish, pinkish gray, and yellowish gray micaceous quartz sandstones, mostly weakly cemented. The sandstone strata contain interbeds and a lens of yellowish gray clay and siltstone with clay balls. They are mostly obliquely bedded, rarely, parallel-bedded.
The fish assemblage of this locality includes the psammosteids Pycnosteus palaeformis, Tartuosteus giganteus, and Psammolepis proia (Glinsky, 2012) ; the placoderms Actinolepis tuberculata, Heterostius ingens, Homostius latus, Coccosteidae, Asterolepis sp., and Byssacanthus sp., and the chondrichthian Karksiodus mirus Ivanov et Märss (Ivanov and Märss, 2014 Like in the locality near the village of Siverskii, the index species of the Diplacanthus gravis Acanthodian Zone is absent here; however, fin spines of Nodocosta pauli appearing in this zone are recorded. A sample that contained scales of the new species come from pinkish gray weakly cemented sandstone located at a distance about 20 cm from the bottom of the quarry (Fig. 2) .
MATERIAL AND METHODS
Sandstones that have yielded scales are weakly cemented, so that it is possible to extract microfossils from samples by hand under a binocular microscope without chemical treatment. Microphotographs of scales were taken with the aid of a Hitachi S-3400N microscope. The microstructure was examined in thin sections of scales prepared on slides and embedded in the thermoplastic Glass Fil (Print Product) or in Crystalbond ® 509 and reseated with the use of Mirka WPF ® P1500 and P2500 polishing paper. The photographs of sections were taken using a Leica DM4500 P polarizing microscope, with anise oil as immersion liquid and LAS V4.0 software for capturing image. H o l o t y p e. PM SPbU, no. 79-1, isolated scale (Pl. 7, fig. 1; Figs. 3a-3c) ; Leningrad Region, right bank of the Oredezh River, village of Siverskii, outcrop at a dam of the former hydroelectric power station (Fig. 1b) ; Middle Devonian, Givetian, Aruküla Regional Stage. D e s c r i p t i o n (Fig. 3) . Morphology. The scales are mostly small or medium-sized (the crown is 0.3-0.4 μm wide and long). The crown is rhomboid; the overwhelming majority of scales are wider than long (Pl. 7, figs. 1, 2, 4; Figs. 3a-3c) . The posterior part of the posterolateral margin of the crown is usually wavy (Pl. 7, figs. 2, 3). The crown surface has an eminence in the medial part, which anteriorly gradually becomes lower. It is distinctly bordered on sides by two deep fissures converging at the posterior corner of the crown and V-shaped in outline in horizontal plane. In the anterior part, the eminence is divided into many ridges fig. 1b ; Fig. 3b ). The base is medium-sized, convex, almost as wide as the crown. The base apex is frequently displaced somewhat anteriorly (Pl. 7, fig. 1c ; Fig. 3c ), but occasionally occupies a subcentral position. Histology. The crown and neck are composed of dentine (the upper part of the growth zone of the crown contains durodentine); the base is formed of acellular bone tissue. The ascending canals inside the neck have many branches, through which they are connected to each other (Pl. 7, figs. 5, 6a; Figs. 3d, 3e) . Large radial canals of the neck are complex, with several branches, positioned much higher than the base surface (Pl. 7, fig. 5b; Fig. 3d ). The middle part of the neck contains a system of circular canals. In the anterior part, the internal growth zone contains large lacunas at crossing points of circular and ascending canals ("nodes" after Valiukevičius, 1985) . There are up to eight growth lamellae. There is a network of circular and horizontal canals, which continue the ascending canals of the neck in the internal growth lamellae of the crown (Pl. 7, fig. 4b; Fig. 3f fig. 4b ; fig. 3f ). At the base, there are Sharpey's fibers forming a banded pattern, and canals of Williamson (after Ørvig, 1951) . In addition, at the base, there is a network of small twisting canals. It more is denser near the embryonic scale (the first growth zone of the scale). The canal of the embryonic scale is wide, with large branches passing into the scale base (Pl. 7, fig. 6b; Fig. 3e ). M e a s u r e m e n t s i n m m:
C o m p a r i s o n. Scales of Cheiracanthus flabellicostatus sp. nov. are most similar to those of C. brevicostatus Gross, 1973 in both ornamentation of the crown and histological structure (Pl. 7, figs. 7-13; Fig. 3h ). The most prominent difference in crown ornamentation is the V-shaped eminence in its middle and posterior parts, which is discernible even in poorly preserved scales of the new species. In these parts of the crown, scales of C. brevicostatus are flattened and smooth or have two weak eminences with a flat depression between them (Pl. 7, fig. 9; Fig. 3g ). In contrast to C. Brevicostatus, large ridges on the scales of the species described here branch into smaller ridges at the anterior margin of the crown. In this character, they resemble scales of C. intricatus Valiukevičius, 1985 , but differ from them in the presence of the above-mentioned eminence in the crown and in the histological structure. The scales of C. intricatus usually have a thick layer of durodentine in the crown; only in a few specimens, the ascending canals extend after a bend into extreme lateral parts of the horizontal growth zones of the crown (Valiukevičius, 1985, textfig. 30, figs. 1a, 5a; text- fig. 31, fig. 2a) growth zone of the crown; this layer is present in C. intricatus and pierced by complex interlacing ascending canals with many processes (Valiukevičius, 1985, text- fig. 30, fig. 1b ). In the scales of the new species, the ascending canals in the posterior region of the scale extend after the bend inside the bases of the growth zones of the crown up to its central part; even the upper growth zones of the crown are pierced by dentine tubules (Pl. 7, fig. 5c ). Some scales of Cheiracanthus? longicostatus Gross (they possibly belong to C. latus Egerton; a study of the scale cover of complete well-preserved specimens of this species is required), resemble scales of the new species with the fused two central ridges forming the elevated medial area (Pl. 7, fig. 14; Fig. 3i ). However, these scales have a weak depression in the middle of this eminence, while in the new species, it is flattened. The two species are also distinguished by the shape of the medial eminence. In the new species, it is distinctly V-shaped in horizontal plane, whereas in scales of C.? longicustatus most of its lateral margins are subparallel and converge posteriorly only in the posterior third of the scale. The scales of the new species strongly differ from other congeners. For example, C. crassus Valiukevičius, 1985 and Valiukevičius, 1986 have two distinct central ridges on the crown; in C. talimae Valiukevičius, 1985 , one central ridge sharply projects; in C. krucheki Valiukevičius, 1986 , the crown surface lacks central eminences or central ridges and ornamentation is formed of relatively short ridges and fissures located in the anterior and posterior parts of the crown; and in C. splendens Gross, the crown is completely smooth; only at 50-fold magnification, an ultrasculpture of overlapping tongues is discernible.
O c c u r r e n c e. Middle Devonian, Givetian Stage, Aruküla Regional Stage; Russia, Leningrad Region. M a t e r i a l. Eight variously preserved scales: PM SPbU, nos. 79-1, 79-2, 79-3, 79-5, 79-6, 79-12 , and 79-13 from the village of Siverskii, sandstones above the upper interbed of conglomerates; PM SPbU, no 79-4 from a quarry near the village of Zaitsevo, lower sandstone member. E x p l a n a t i o n o f P l a t e 7 Figs. 1-6 . Cheiracanthus flabellicostatus sp. nov, scales: (1) holotype PM SPbU, no. 79-1: (1a) coronal, (1b) anterior, and (1c) basal views; (2) specimen PM SPbU, no. 79-2, coronal view; (3) specimen PM SPbU, no. 79-3, coronal view; (4) specimen PM SPbU, no. 79-4: (4a) coronal view, (4b) horizontal section of the crown; (5) specimen PM SPbU, no. 79-5: (5a) vertical longitudinal section, (5b) magnified site of the same section in the region of the neck, (5c) magnified site of the same section in the region of the crown; (6) specimen PM SPbU, no. 79-12: (6a) vertical cross section, (6b) magnified site of the same section. Figs. 7-13 . Cheiracanthus brevicostatus Gross, scales: (7) specimen PM SPbU, no. 79-7, coronal view; (8) specimen PM SPbU, no. 79-9, coronal view; (9) specimen PM SPbU, no. 79-8, coronal view; (10) specimen PM SPbU, no. 79-10, anterior view; (11) specimen PM SPbU, no. 79-11, basal view; (12) specimen PM SPbU, no. 79-13: (12a) vertical longitudinal section, (12b) magnified site of the same section; (13) specimen PM SPbU, no. 79-14, vertical transverse section. 
